Since the inauguration of the government-led five year economic plans in the 1960s, Korea has achieved remarkable economic development. Korea's economic strategy, known as 'The Miracle on the Han River', focused on heavy and chemical industries such as ship building and petrochemicals and was based on resource intensive urbanization. This rapid urban development caused a series of problems, such as over-development in urban areas, bottlenecks in utilities, and environmental degradation. Nevertheless, the Korean government has recently moved toward deregulation of the greenbelts of major city areas. Since very few studies have analyzed the urban land use economic efficiency (ULUEE) in Korea, this paper assesses the feasibility of recent deregulation policy concerning the greenbelts utilizing the sequential slack-based measure (SSBM) model under environmental constraints across 16 South Korean cities from 2006 to 2013. Our research makes three significant contributions to urbanization research. First, this paper uses an SSBM model to analyze the dynamic changes of urban land use economic efficiency in Korea at the regional level; Second, this paper analyzes factors influencing ULUEE in Korea, and the feasibility of the deregulation policies on the greenbelts; Third, this paper suggests more performance-oriented policy alternatives to improve the ULUEE and implement sustainable greenbelt management.
Introduction

Background of the Research
A common phenomenon in developing countries is unplanned, and thus unexpected, urbanization mishaps. In most urbanized countries, opening of natural or agricultural land into built-up land is one of the major features of land use changes, predominantly in developing countries [1, 2] . As urbanization proceeds rapidly in most developing countries, the selective concentration policies in strategic areas create excess demand for land due to the complex yet unexpected expansion of the urbanization process. Unfortunately, this unbalanced urbanization may create great inefficiency in land use [3, 4] . Due to this fact, the Korean government uses the greenbelts of the city boundaries to accommodate the excess demand for land use. However, when the green, natural land is transformed during the urbanization process, achieving future sustainability is a daunting challenge, and there is often irreversible loss for future generations. Therefore, urban expansion should be carefully and efficiently implemented, with complete sustainability prioritized in deregulation policies to increase the land for apartments in urban areas as well as to boost the regional economy in rural areas. The Korean government has taken measures to transform the greenbelt regions into built-up land.
In general, inefficient land use shapes are connected with rapid population growth inside and outside of suburbs [5] . Unexpected rapid urbanization has resulted in the rapid loss of arable land for many areas [6] [7] [8] . The rapidly expanding built-up land and associated land use have resulted in countless undesirable environmental and social effects [9] [10] [11] , such as traffic jams, resource shortages, housing shortages, loss or reduction of biodiversity, and pollution [12] [13] [14] [15] . The threatening factors of greenfield transformation by urban extension are best understood in relation to their various and substantial ecological effects resulting from complicated yet increased disturbance of the natural environment [16] [17] [18] [19] [20] .
It is not easy to expand the city borders to alleviate urbanization issues, because once land is developed, it is irreversible [20] , creating more severe urbanization problems due to the larger scale of urbanization, and it requires large amounts of time and money to recover the natural environment. Prior to implementation of deregulation policies, the promotion of increasingly efficient practices for existing urban land will be extremely important for the sustainable development of the city, because the transformation of land use may result in enormous costs, and most of these costs are irreversible when the environmental demand is higher than its urbanization use [21] .
From an economic standpoint, land supply is inelastic. Raising land use efficiency allows for the same economic output while slowing the land transformation for economic activities. This implies that improving the urban land use economic efficiency (ULUEE) is an effective method for alleviating diverse urbanization problems and realizing sustainable urban management [1] .
Due to the increased population coupled with the average household down-sizing in recent years, South Korea has converted increasing amounts of greenbelt for metropolitan development. Many metropolitan cities such as Seoul and Incheon have met with urbanization problems in the urban expansion mode [22] . Bhatta et al. [23] emphasized "general consensus that urban sprawl is characterized by unplanned and uneven pattern of growth, driven by multitude of processes and leading to inefficient resource utilization." Because of the negative effects such as loss of natural space and damage to the natural habitat, extensive urban growth is generally considered undesirable.
Against this backdrop, many regulatory policies have been planned and applied. Therefore, to preserve farmland, urban containment policies have emerged as a popular method [24] , including the management of greenbelts for conserved lands around cities. The Korean greenbelt system was promulgated in 1971. It became the legal platform for anyone to utilize land on this restricted development zone [24] .
Greenbelts in South Korea can be considered one of the successful environmental-friendly regulations in Asian countries [25] , due to effective preservation of nature surrounding the cities, as well as restraining extensive development. However, Korean greenbelt policies have been deregulated in recent years in response to urban expansion demand for sustainable new town development. The planning agendas such as smart growth and the compact city are all explicit or implicit responses to excessive urban extension [26] . Due to this urgent demand, the greenbelt of Korea has been experiencing adjustment and partial removal since its inauguration in 1971. Since the year 2001, 3862 square kilometers of the Korean greenbelts, meaning 3.9% of the total land area has been transformed into built-up land [27] .
On 26 April 2016, however, the Korean government introduced the Urban Master Plan to set the direction of long-term economic development and the future image of cities, featuring deregulation adjustment for sustainable development [24] . The Urban Master Plan sketches out the large-scale transformation of the greenbelts into land for development, adding to the conflict between companies seeking new investment opportunities and the public demanding sustainable policy. Government has made a series of regulatory policies and laws for environmental protection, including the greenhouse gas reduction (GHG) law and low-carbon green growth law, as well as commitments to save environmental resources and to promote green production and consumption [1] . Additionally, the Korean government regulated industrial emissions limits to improve environment-friendly efficiency in industries. In order to enhance the citizens' life quality, environment-friendly policies should extend to land transformation as well.
Unfortunately, the current economic downturn forced the Korean government to deregulate the greenbelts in order to boost regional economies. Due to the strict regulation, most city borders have been protected, resulting in their lower stable land price. However, due to the urgent demand on the regional development, the deregulation on the land means easier transformation of open, natural land to built-in land, resulting in huge unexpected booms on these land. There are no management strategies affecting the four elements of urban environmental conditions, meaning noise, indoor air quality, artificial lighting, and pollution, within the Urban Master Plan [24, 26] .
Challenges in analyzing land use efficiency, such as ULUEE, were first studied to describe the peripheral form of urban land usage [1] . Most of these studies are based on the historical urban land use experiences [28] . Subsequently, economics and econometric models are introduced to the research of urban land. The economic models argued that the regulation of the land market can achieve the optimal allocation of land resources and realize the effective utilization of land resources [1] . In addition, social behavior researchers put forward the humanistic idea in urban land use study, emphasizing the human and other related factors in the process of urban land resource allocation [29] . Researchers from political economics emphasized political power over the influence of city land utilization, focusing on the main political factors affecting the efficiency of urban land use [30, 31] .
In 1993, 42% of semi-agricultural and forested areas were transformed into built land areas by the Korean government. As the pace of economic development increased, huge urban extension has claimed suburban forest and natural land resources [32] . In South Korea, 5% of the people own 65.2% of private land, and thus there is great opportunity for these private land owners to realize massive profits through land speculation regarding deregulation policies. Therefore, the purpose of this study is to analyze land use efficiency to answer whether the urban land use in Korea is efficient, and whether the Korea Urban Master Plan can deliver efficiency and sustainability as an environmentally friendly initiative.
Current Situation of the Korean Greenbelt Policies
The focus of this research includes all land area of the Republic of Korea (hereafter, Korea), covering 100,560.87 km 2 ( Figure 1 ) [33] . Including the landfill expansion of the reclaimed land from 1985 to 2005, in the last 30 years Korea's land area has risen by 1%, and the income level by 27% and population has increased by 27% times over the same period of 1985 through 2005 [34] . As population density has increased, particularly in the suburban areas of major cities, many problems have developed. To overcome these urban challenges, the Korean government has transformed the greenbelts into built-land, resulting in 16% decrease of agricultural forest with 55% increased residential area and 96% increased roads (see Table 1 ) [34] .
Selective concentration of economic development policies in major city areas have drawn numerous migration from the country into the cities. The urbanization rate of Korea increased from 39.1% to 90.5% for a period of 1960-2008, with the rapid nationwide population increase from 25 million to 48.9 million during the same period [34] . The current population of Korea is estimated at 51,529,338 in 2015 (see Table 1 ), and 49.7% (25, 140 ,000) of the population lives in Seoul, Incheon, and Gyeonggi-do. In recent years, metropolitan type of expansion has accomplished especially in Seoul and its vicinity. Approximately half of the nation's population now lives in Seoul and its surrounding suburban areas [34] . Due to this deepening urbanization, the bipolarization of real estate prices has become more severe in Korea.
There is high demand for new houses in the southern part of Seoul, particularly in Gangnam, resulting in prices skyrocketing for apartments, while the rural areas lack government support for real estate development. This bipolarization of real estate development may result in challenges for the Korean government for their uniform measures. Contrasting with many vacant apartments in rural areas, there are also huge housing shortages in urban areas, with more than 100 people bidding for one new apartment in the Gangnam area. Due to this bipolarization within the real estate market, the Korean government has to change its policy paradigm quickly and frequently between the strengthening and weakening regulations for the real estate market. Therefore, the government has to apply deregulation policies more thoughtfully with greenbelts in order to solve apartment shortages in urban areas, and to boost investment in manufacturing facilities. The Korean government has taken measures to transform the greenbelt regions toward built-land. 
Methodologies and Data
Sequential Slack-Based Measure (SSBM) Model
Data envelope analysis (DEA) was used to analyze the complex process of land transformation policies, because DEA can deal with multiple inputs and outputs simultaneously and does not require any prior information on the theoretical frame of the production function [1, 36] . In general, DEA models assume an efficiency gap between optimal and actual resource allocation, which is called the slack variable, implying the output shortage or input surplus in the decision making unit (DMU) [1, 36] . Since the traditional radial DEA models do not consider these slack variables in the objective function, it can produce inaccurate results in efficiency evaluations. In order to overcome this difficulty, a new approach called the non-radial and non-parametric slack-based measure (SBM) model has been developed [1, 36] , incorporating the slack variables directly into the objective function. Considering the dynamic change of production technology during the research period, the sequential slack-based measure (SSBM) model will be introduced to incorporate the concept of sequential production technology over time. This SSBM is crucial to analyze the land use efficiency over time. Based on Zhang's and Xie's approaches on SSBM [1,36], we try not only to consider industrial wastewater and industrial sulfur dioxide as undesirable outputs, but also to add noise 
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This SSBM is crucial to analyze the land use efficiency over time. Based on Zhang's and Xie's approaches on SSBM [1, 36] , we try not only to consider industrial wastewater and industrial sulfur dioxide as undesirable outputs, but also to add noise status to analyzes factors influencing ULUEE in Korea, and the feasibility of the deregulation policies on the green belts. Suppose for N Decision Making Units (DMUs), every DMU demands M inputs (x) for J desirable outputs (y) with K undesirable outputs (b) as well. In our research, these will be evaluated using the vectors x ∈ R M , y ∈ R J , b ∈ R K , and our matrix X, Y, B are defined as X = [
Based on these definitions, the production technology can be defined as follows:
where P is assumed to satisfy the theory of production function [1, 37] . Production technology will change over time, and thus, the constraints of the variable returns to scale (VRS) are imposed on the objective function. Then, the optimization problem of sequential SBM (SSBM) planning will take the following form:
where m, k, and j denote the indexes of inputs, desirable outputs and undesirable outputs discretely; t (t = 2003, . . . , 2013) denotes the year, and the subscript denotes the decision making unit's estimation in the model; sx* denotes the slack variables of inputs, sy* and sb* denote desirable outputs and undesirable outputs respectively; and ρ and λ denote the efficiency of DMU estimation and the non-negative multiplicative vector respectively in the model. When ρ* = 1, the DMU is on the perfect, efficient position on the production possibility curve. When ρ* < 1, the DMU is inefficient, and thus it is necessary to modify the input-output structure. In order to increase DMU efficiency, we had better adjust the form x* = Xλ + sx*, y* = Yλ − sy*, and b* = Bλ + sb* so we can carry out the efficiency evaluations confronting with undesirable outputs by SBM model.
On the other hand, we can analyze the slack variable ratios of inputs, desirable outputs and undesirable outputs to find out how to enhance the input-output efficiency.
The ratio of input surplus is proportion of input reduction as follows:
Insufficient expectation output ratio is the proportion of increased desirable output:
The ratio of redundant undesirable output is the proportion of undesirable output reduced:
Selection of Input and Output Indicators
Efficiency of land use is influenced by economic, social and environmental factors [4, 31, 36 ], so we must consider both environmental and economic performance. Our research constructs an integrated indicator evaluating efficiency of land use, using input and output data described in Table 2 . First, the main input factors consist of land, capital, and labor for the differentiated land use efficiency. Due to the objects of this study focused on Korean greenbelt areas, built-up area is selected as the land input, and the total investment in fixed assets is selected as capital inputs. The number of employees in the manufacturing and service industries is selected as the labor inputs.
Based on these input factors, the value added in manufacturing and service industries is selected as desirable outputs, and industrial chemical emissions, industrial wastewater and city noise as undesirable outputs. The undesirable outputs from the model are based on the three factors of chemical emissions, wastewater and industrial noise, all resulting from the transformation of natural land into built-land. The ULEE will be measured at the first stage of our research based on these input and output indicators. Based on all the outputs of DMUs, we want to find the best performance and based on that best performance, we shall measure the relative efficiency of all the inputs of DMUs. 
Econometric Model and Data
This research is based on the stepwise approach to find out the sustainable factors of the greenbelt deregulation policies. The measured level of ULEE in the first stage will be used as a dependent variable to determine the sustainable factors on this ULEE by the panel data regression model in the second stage. In order to determine the external variables on the input variation, we shall draw the candidate variables from the comparative analysis on the preceding papers, and all these argued issues on the pressure for the transformation of the land use shall be used as independent variables in our model.
In general, the increased per capita GDP will enhance the input efficiency or vice versa. This is because a region with relatively high per capita GDP may have a better quality of economic development, resulting in enhanced input efficiency, such as urban land use economic efficiency [38] . Thus, we assume that there is a progressive relationship between per capita GDP and ULUEE. In addition, increase in land use efficiency will produce more economic value. Thus, we assume that there is a bidirectional relationship between ULUEE and land use intensity. As is well known, the higher urbanization rate, economic development and the production technological improvement, and land use efficiency are all interrelated each other [39] . Therefore, we assume that there is a positive relationship between ULUEE and urbanization rate. The carbon green growth law conserves water, electricity gas, and promotes green production, leading to a high efficiency of land resource use. Thus we assume that there is a positive relationship between the low carbon green growth law and ULUEE.
Based on these arguments, we introduce the multivariate linear regression model to analyze the ULUEE determinants in Korean cities as follows:
where i (i = 1, ..., 16) and t (t = 2006, ..., 2013) denote city and year respectively. The term α it denotes a constant, and µ it is the random error term. The term y it denotes the ULUEE for the city i and PGDP denotes the GDP per capita. LUI denotes the land use intensity, with every square kilometers of land for the economic value. URB denotes the urbanization rate, referring to the urban population proportion of the total population in the city. LCP refer to the low carbon green growth law. This paper uses data from 2006 to 2013 accessed from the Korea statistical websites [34, 35] . All the data from 16 cities, accounting for all Korean cities, will be used for our empirical tests.
Empirical Results
Empirical Results of Land Use Efficiency
The ULUEEs for 16 cities in Korea during 2006-2013 was computed using the SSBM model as shown in Table 3 . For comparison, the ULUEE was calculated with as well as without undesirable outputs. As expected, the ULUEE values with the undesirable outputs are less than for ULUEE without considering the undesirable outputs all over the research period, with scores between 0.692 and 0.789. This implies that undesirable outputs certainly influence ULUEE. Ignoring undesirable outputs could result in overestimation of land use efficiency, and thus we will adopt land use efficiency with undesirable outputs using the SSBM model. ULUEE in Korea was consistently low during the research period, and economic risks during 2008 resulted in its lowest point as shown in Table 3 . In 2012-2013, the ULUEE values with and without considering undesirable outputs yielded similar results. This may be due to increased environmental protection laws, such as the low carbon green growth law. This implies that government regulation has significantly increased the ULUEE with undesirable outputs. Thus, Korea has made great achievements in environmental protection performance.
Seoul, Ulsan, Chungnam, and Jeju consistently feature relatively high ULUEE scores compared with Korean cities from 2006 to 2013, as shown in Figure 2 . Jeju island is an underdeveloped province, with the industrial layout mostly focused on tertiary industry such as tourism, but exhibits relatively high economic output and low environmental pollution relative to other Korean cities studied. This result in Jeju may come from the intensive environmental promotion policies by the central and local governments. Incheon, Busan and Gyeonggi provinces have emphasized policies for environment-friendly sustainable development, resulting in the continuing enhancement in the land use efficiency. However, it is challenging to achieve higher urban land use efficiency in other regions due to the conflict between economic development (desirable output) and environmental pollution (undesirable output).
In summary, the regions such as Seoul and Ulsan with more advanced economies show enhanced performance in ULUEE due to the advantages of easily accessible capital and technology, which can alleviate bottleneck problems in resource allocation and utilization. This enables for equilibrium between economic development and environmental protection problems. One interesting phenomena is evident in Gyeonggi province, which featured one of the lowest ULUEE before 2008. Gyeonggi province is just located as the surrounding areas of metro Seoul area, and thus the local government has emphasized on the better quality of sustainable development, resulting in the utmost front of the land use efficiency. Recently, Gyeonggi province has experienced a large influx of immigration, with lower production costs and living expenses representing driving factors. With these driving factors, Gyeonggi province has focused on its ULUEE enhancement compared with other provinces, implying that urbanization possibly accompanies higher ULUEE. 
Influencing Factors of the ULUEE
From Equation (6), we used the fixed effect model to explore the explanatory factors influencing ULUEE. In the Table 4 , the results of the panel data regression are shown for 7 Korean cities and 9 provinces. Per capita GDP (PGDP), urbanization rate (URB), and land use intensity (LUI) show significantly positive impacts on ULUEE, which is consistent with our hypotheses. This implies that regional economic development, accompanied by the urbanization process, will enhance its land use efficiency and more intensive use of land will result in improved land use efficiency. Therefore, in order to enhance land use efficiency, more land-intensive economic development is required and government policies should emphasize land-saving development, by e.g. subsidizing the remodeling of existing apartments instead of rebuilding or reconstructing. This is because remodeling provides 
From Equation (6), we used the fixed effect model to explore the explanatory factors influencing ULUEE. In the Table 4 , the results of the panel data regression are shown for 7 Korean cities and 9 provinces. Per capita GDP (PGDP), urbanization rate (URB), and land use intensity (LUI) show significantly positive impacts on ULUEE, which is consistent with our hypotheses. This implies that regional economic development, accompanied by the urbanization process, will enhance its land use efficiency and more intensive use of land will result in improved land use efficiency. Therefore, in order to enhance land use efficiency, more land-intensive economic development is required and government policies should emphasize land-saving development, by e.g., subsidizing the remodeling of existing apartments instead of rebuilding or reconstructing. This is because remodeling provides more land-intensive utilization without stimulating speculation, while rebuilding or reconstructing will result in costs skyrocketing and increased speculative competition on new apartments.
However, the low carbon green growth law (LCP) shows a significantly negative impact on ULUEE, which is inconsistent with our hypotheses. This implies that stronger regulation on green growth policies restricts the innovative use of land, and thus there is a lack of effective improvement of land efficiency resulting from strict environmental regulation. Greenbelt policies have restricted the conversion of land use, resulting in the worsening of land use efficiency. It is noteworthy that the strong greenbelt policies are not only effective at limiting urban sprawl but also deteriorate land use efficiency. It is crucial for government to persuade land owners to promote land use efficiency and, thus, regional governments face claims against the greenbelts from land owners. However, once the government allows greenbelts to be used for built-use purposes, then the price of the land will increase, resulting in speculative pressures on the government policies. It is challenging for local governments to promote low-carbon green growth policies on land use as well as avoiding worsening land use efficiency. This implies that there are new challenges in the harmonization of green growth with land use efficiency, and government should work with the private sector to improve land use efficiency. 
Conclusions
In this study, we empirically tested the dynamic trend of urban land use economic efficiency (ULUEE) and its determinant factors with various constraints under Korean government policies, in 16 cities and provinces across the South Korean peninsula from 2006 to 2013. Since SSBM measures land use efficiency changes over time, our empirical results conclude that there has been limited improvement in land use efficiency. Nevertheless, greenbelts have been transformed into built-in land at an excessively ambitious rate for the appropriate realization of subsequent benefits, and this has resulted in problems associated with speculation. There are many companies seeking high rates of return on land investment, and thus there is a strong tendency for these companies to want additional investment in suburban areas, especially in greenbelt areas. This paper found that economic development in Korea promoted land use efficiency from diverse perspectives. Unfortunately, this land-saving economic development should be reevaluated due to greater building susceptibility to damage from weather-related phenomena such as earthquakes, severe rainfall, and city floods. The uniformity of apartments does not improve the quality of the life for residents. With the population decreasing nationwide, these uniform apartment buildings are unlikely to promote sustainable development of land use within the traditional land-saving paradigm. Within this context, the Korean government issued a new urban development plan featuring higher flexibility for transforming the greenbelts into built-in land for regional economic recovery from the current recession and decreasing corporate investment. Many leading companies in Korea, such as Samsung, LG, and Hyundai car group, have been reducing investment due to the gloomy economic environment. Local governments want to encourage these companies to boost the local economy. This is particularly true for the construction industry, which is well known for its leading role of providing economic spillover effects. Unfortunately, building new apartment complexes may promote the speculative opportunities as well. However, economic development harmonized with land use efficiency enhancement is more effective due to the new paradigm of promoting low-carbon green growth policies. Thus, government and the private sector should cooperate to promote land-saving economic development from the city center and the remote areas, instead of easy but risky deregulation of the greenbelts.
The main conclusions from this paper include three implications and suggestions. First, for government policies to be sustainable, it is necessary to consider undesirable outputs, such as industrial chemical emission and water problems, in evaluating ULUEE. This is because undesirable outputs have negative effects on the ULUEE. Our results show that even if the overall land use efficiency has not improved, the environmental land use efficiency has significantly improved, implying that more precise regulatory measures on ULUEE are required for the sustainable performance of the greenbelt areas.
Second, regions with more developed economies such as Seoul showed better performance in urban land use resulting from the advantages of easily accessible capital, technology and other resources such as appropriate land. This highlights economic development with higher mobility of resources can effectively solve the bottleneck problems in the process of resource allocation and utilization between economic development and environmental protection. Therefore, in order to enhance the ULUEE, the government should utilize the positive influence of economic development on social and environmental performance, implying that the surrounding areas of city center development should precede opening of the greenbelt areas.
Third, even less developed provinces such as Jeju-do can achieve harmonized land use efficiency enhancement through the appropriate public private partnership (PPP). Economic development is not the only way to improve land use efficiency. Land use efficiency is enhanced when the private sector participates voluntarily in the movement toward more resilient cities, such as slow cities and/or smart cities oriented toward improving quality of life, safety, and restoration capacity. To avoid the creation of ghost towns, government needs to cooperate with the private sector to enhance environment-friendly land use efficiency, and PPP could play a significant role in addressing future sustainability challenges.
In this paper, we used a sequential slack-based measure (SSBM) model to examine the dynamic ULUEE in South Korea. For future research, we should mention our study's limitations, such as three undesirable outputs in the form of industry chemical emissions, industrial wastewater and city noise, meaning carbon dioxide emissions and light emissions are not considered in our research due to unavailability of data, but the inclusion of more appropriate variables in our model would certainly broaden its implications for urbanization policies.
